Abstract. The injection of three strains of Hernophilus sornnus into the amniotic cavity of pregnant cows produced death of the fetus and abortion followed by retention of the placenta. H. somnus was recovered readily from the placenta but less so from the fetus.
Hemophilus somnus infections frequently occur in the reproductive tracts of cattle [29] and the organism occasionally is associated with abortion [8, 41] . Lesions in the fetus or placenta and the duration of the carrier state have not been described completely. A surgical technique was evaluated for intra-amniotic inoculation in cattle, using an inoculum containing H. somnus [7] . Inoculation in the last stages of gestation resulted in the death of one fetus in utero and the delivery of two calves. The placentas were retained and the calves were weak at birth and appeared premature. No further information regarding the dead fetus or two calves born alive was included. The purpose of the following experiment was to determine if various strains of H. somnus would cause abortion following intra-amniotic inoculation in cattle, to describe the lesions in the fetus and placenta, and to determine the duration of the carrier state in the cows.
Materials and Methods
Seven healthy cows six to nine months pregnant were chosen for the experiment. They were negative for H. sornnus on three weekly cultures of cervicovaginal mucus and their serum was negative for Leptospiru and Brucellu agglutinating antibodies. The amniotic cavity was inoculated with H . sornnus in six cows, and with sterile saline in one. Three strains of H. sornnus were used: Iowa, Alberta and Ontario (table I) . Iowa strain 1229 [ 121, and Alberta strain 25 [26] , were isolated from brains of steers dying with H. sornnus Intra-amniotic Inoculation of H. somnus septicemia. Ontario strain 64 was isolated from placenta, abomasal content, and lung of an aborted fetus [41] . Egg yolks from 5-to 7-day embryonated hens' eggs were inoculated with the appropriate strain of H. somnus, then incubated for 48 hours at which time the infected egg yolks were recovered. They were tested for purity and stored at -70°C in 3-ml aliquots.
To prepare the inoculum a 0.1-ml quantity of thawed yolk sac material was streaked on brain-heart-infusion agar plates containing 5% calf blood and 0.5% yeast extract and incubated for 48 hours at 37°C in 10% COz atmosphere. Cultures were washed from plates with 0.85% saline and this was used as the inoculum. After inoculation, cows were examined daily for at least three consecutive days and then weekly until calving or abortion, at which time they were examined for at least three consecutive days and then weekly until cultures of cervicovaginal mucus for H. somnus were negative for three consecutive samplings. Examinations consisted of: observing abnormalities, taking rectal temperatures, palpations per rectum to detect live pregnancy, and collecting samples of cervicovaginal mucus, urine, and blood. Blood samples were cultured before inoculation, the day after inoculation, at abortion or parturition, and weekly throughout the study. Fetal membranes, calves, and aborted fetuses were examined, observations recorded, and specimens removed for histology and H. somnus isolation. Samplings from the reproductive tract, methods of culture, media used, and identification of H. wmnus were as described previously [29] . Examination of fetuses and membranes and samples for histology were described [30] and the surgery and method of inoculation were similar to those described by others [7] .
Results

All three isolates of H. S O~~U S
used in the inocula produced abortion within three to five days after inoculation (table 11). Examinations per rectum to determine the viability of the fetus usually were inconclusive until the day before abortion.
Rectal temperatures varied between 39°C and 40.1 "C on the day before abortion and were normal to 4 1.1 "C after abortion. Two cows exhibited pain in their feet and joints and one cow ground her teeth intermittently. Within a week after inoculation, one cow became extremely aggressive. This change in temperament remained until she was killed. All cows had some degree of mucopurulent discharge from the vulva after abortion. The fetal membranes were retained by all infected cows and were discharged by day 14. The control cow carried her fetus for 47 days after surgery and her health and parturition were normal.
H. s~wlnus was recovered in cervicovaginal mucus of three and in urine of two cows before abortion and in all infected cows in both cervicovaginal mucus and urine after abortion. On three occasions, initial cultures of cervicovaginal mucus following abortion were negative for the organism, however, H. somnus was isolated from subsequent samples two to three days later. Curynebacterium pyogenes was isolated in the interval. The longest period for recovery of H. somnu~ following inoculations was 74 days for cervicovaginal mucus and 54 days for urine-both in the same cow. Blood cultures were positive for H. sumnus in one cow four days before abortion and in two cows for up to four days after abortion; this coincided with clinical signs including fever.
H. somnus was recovered from the amnion and chorioallantoic membrane of all infected cows. H. sumnus was isolated from the skin of three fetuses, thoracic fluid in four, lung in five, liver in two, kidney in three, spleen in three, abomasal contents in two, and the intestinal contents of four fetuses. In one fetus the organism was recovered only from the skin.
Macroscopic lesions were observed in removed portions of cotyledons but not in fetuses, all of which were autolyzed with either increased or decreased thoracic and abdominal serosanguineous fluid. Cotyledons sometimes were thickened peripherally and portions of caruncle were tightly adherent. Microscopic lesions were observed in the placenta and fetus. In the chorioallantoic membrane severe necrosis with neutrophil infiltrate was evident in villi while many arteries contained a minor to moderate, mainly mononuclear cell infiltration of the media ( fig. 1 ). Vessels rarely were thrombosed. Mononuclear cell infiltrates were present in the interstitial tissue of the chorioallantois and occasional foci of bacteria were present. In one sample in which a portion of caruncle was attached to the cotyledon, a large Vshaped area of placentome had undergone coagulation necrosis. Adjacent to this region, numerous large trophoblastic cells contained structures resembling bacteria. In the amnion, mononuclear and polymorphonuclear cells mixed with fibrin, and bacteria were observed. In the fetuses, lesions were observed consistently in eyelid and lung. In the subconjunctival region, mild to moderate infiltrations of lymphocytic cells, a few eosinophils, and some bacteria were present ( fig. 2) . In the lung, large numbers of mononuclear cells and a few neutrophils were in airways ( fig. 3) , and the infiltrate extended focally into the alveolar ducts. In many sections, distorted macrophages ("oat type cells ") were present in these structures (fig. 4 ). Bacteria were observed in airways of most lung sections and interlobular lymphatics occasionally were distended with fibrinous exudate. Bacteria also were observed in the vessels of some organs and focally in the sinusoids of the adrenal cortex. In one fetus, the wall of the umbilical vein near the liver contained bacteria and a mixed inflammatory cell infiltrate. In another fetus, a thrombosed vein was observed in the lamina propria of the esophagus.
Discussion
Three strains of H. sornnus at various concentrations were used for intra-amniotic inoculation and all produced clinical signs and abortion in the dam.
A bacteremia was demonstrated in three cows following intra-amniotic inoculation, but none died. There is evidence that many cattle in feedlot outbreaks of the nervous form of this disease may be infected with H. sornnus but the proportion dying usually is low [22] . Exposure of a calf to H. sornnus by aerosol in an experiment resulted in a bacteremia but that calf did not die either [32] . Transient clinical signs evident in our cows were fever, lameness referable to joints, and trismus-these signs were coincident with bacteremia. Endotoxin and/or other substances from leukocytes may be carried by blood to regulatory centers in the brain and initiate physiologic responses resulting in fever [21] . In field cases of thrombosing meningoencephalitis associated with H. sumnus infection, cattle initially may develop a fever and temperatures fall as the animal dies [2, 6, 17, 22, 401. This did not occur in our cows. Lameness commonly occurs in cattle during field outbreaks of septicemic H. sornnus and is associated with septic arthritis and tendinitis [2, 6, 26] . It is not known whether bacteremic H. sornnus with localization in the brain was the cause of the increasingly aggressive nature of one cow. Extreme irritability is not commonly associated with the nervous form of H. sornnus infection but does occur [ 14, 17, 441. This cow's aggressive attitude persisted until killing, but unfortunately her brain was not recovered for examination.
Abortion occurred within three to five days in all cows which received H. sornnus intra-amniotically. No specific mechanisms involved in fetal death and expulsion were examined in our experiments; however, early growth of H. sornnus in amniotic fluid occurred and spread to placenta and endometrium. The accumulation of phagocytized bacteria, disintegrating cells, endotoxin and free organisms may have elicited production of prostaglandin F2 alpha resulting in luteolysis and finally in uterine expulsive contractions [ 361. Following fetal death, autolytic changes occurred rapidly. Loss of uterine fluid is associated with pooling of fluids in the thoracic and abdominal cavities of the fetus and first is observed at 16 to 24 hours increasing to a maximum at 96 hours followed by dehydration associated with absorption of fluids into the maternal circulation by 144 hours [ 131. Gas formation may follow cervical dilatation as bacteria from the vagina move into the conceptus [5,3 I] . All fetuses were expelled in an autolyzed state and this may reflect the time necessary for prostaglandin synthesis, luteolysis, and initiation of strong uterine contractions. A similar delay in onset of estrus occurred following luteolysis associated with intrauterine installation of prostaglandin F2 alpha at diestrus in experiments conducted on cows [25] .
Fetal death was difficult to determine accurately by palpation per rectum since even in fetuses later found to be alive, movement sometimes was difficult to stimulate. Other workers have had similar experience [4, 341. Early changes in size and pulsation of the uterine artery often were difficult to detect with certainty until the third day following death of the fetus. Frequently other changes such as vagnal discharge, swelling of the vulva, straining, decreased uterine tone, loss of uterine fluid, or presence of intrauterine gas became apparent first.
In our experiment the fetal membranes were retained in all cows except the control cow. Fetal membrane retention may be associated with many factors.
Premature fetal death with persistence of 25 or more maternal septal epithelial cells around fetal villi will result in fetal membrane retention [ 181. In addition, inflammation between fetal placental villi and maternal septa will cause retention. Severe placental inflammation was present in each cow and easily would account for retention of membranes. Since fetal death occurred very rapidly, there was also a lack of opportunity for normal maturation of maternal septal epithelium. Both mechanisms may be involved.
H. somnus was cultured from fetal membranes in each cow and bacteria were observed in trophoblastic cells. Bacteria frequently are observed in trophoblastic cells in Brucella abortus [37] , and to a lesser extent with Campyfobacter fetus venereafis placentitis in cattle [27] . Trophoblastic cells are actively phagocytic and trophoblastic cells in man have been shown in vitru to actively phagocytize Candida albicans and inhibit its destructive properties [15] . A similar situation may be occurring with H. somnus.
Other lesions in the placenta consisted of vasculitis, thrombosis, necrosis, and mixed inflammatory cell infiltrates. The affinity of H. sumnus for the blood vascular system is well recognized in the septicemic form of infection and first was described in a natural abortion [41] . The mechanism whereby the vascular lesion is produced now is understood better. Lesions have been described in blood vessels following continuous endotoxin infusion [3] . The lesions were thought to be the result of progressive disseminated intravascular coagulation due to activation of the intrinsic coagulation system accompanied by extensive microthrombosis. Excessive phagocytosis of endotoxin by marginating polymorphonuclear leukocytes results in degranulation and fragmentation of many marginating cells. Phagocytosis of endotoxin, sequestration and localized release of lysosomal enzymes and kinins lead to intravascular inflammation. More recently, it was found that inoculation of arterial organ cultures with H. sornnus produced widespread contraction and desquamation of endothelial cells exposing subendothelial collagen [39] . It is important that other Gram-negative bacteria such as Brucella abortus and Carnpylobacter fetus venereulis, having endotoxins [ 1 I, 451, characteristically do not elicit the same vascular response in the placenta [ 19, 331 . Vascular lesions in the placenta of cattle occur with mycotic abortion [27] but are not characteristic of other types [23, 301 and may therefore have some diagnostic potential.
Placing H. sornnus in the amniotic cavity exposes the skin of the fetus immediately to the organism, and as the fetus swallows amniotic fluid [ 11, passage of the organism to the abomasum and intestine is facilitated. Isolation of H. sornnus from skin in three fetuses and the presence of lesions in six may mirror the route of inoculation. Isolation of H. sornrzus from stomach contents of two fetuses and from intestinal contents in four may be of some importance, as abomasum rather than intestine is the usual site sampled for diagnosis [23] . Our sample size, however, was very small and further work would have to be done to reach a valid conclusion.
Lesions in placenta associated with villi primarily were neutrophilic while lesions in interstitium and arteries of chorioallantoic membrane and in lung appeared principally mononuclear. Much of the reaction in the placental villi may be initiated by maternal neutrophils. As trophoblastic cells are killed, they release chemotactic factors attracting neutrophils to the site and maternal neutrophils are the first to respond [42] . Cellular elements in the blood of the bovine fetus during the last two months of gestation approach that of the newborn calf [20] , but their responsiveness may be different. The main response to heat killed Staphylococcus aureus in fetal rhesus monkeys was found to be mononuclear cells, and polymorphonuclear cells responded more slowly [35] . Reactions observed in the lungs of our fetuses and arteries of the placentas would favor a similar response. Streaming "oat type cells" similar to those observed in some fetal lungs in this experiment frequently are observed in cattle with fibrinous pneumonia [ 161 and are considered to be alveolar macrophages. The process giving this change in morphology possibly is related to motility and phagocytosis [38] .
Following inoculation, H. sornnus was recovered from five to 74 days in cervicovaginal swabs and five to 54 days in urine. The Iowa strain persisted approximately twice as long as any other, but as the dose administered was also much greater, no valid comparisons can, be made. H. sornnus persists in vaginal secretions for long periods in field infections [24, 431 and is a potential source of infection for bulls and other cows [24] . The mechanism whereby organisms persist in the cervicovaginal region have been investigated extensively in bovine vibriosis. Experiments conducted provide evidence that antigenic variation may be an important means whereby C. fetus persists in the vagina in the presence of antibody [lo] . Both immunoglobulins type A and G may be active in protecting the vagina against infections by C. fetus venerealis but immunoglobulin A production continues for longer periods [9] . Hernophilus influenza and certain other organisms have been demonstrated to produce immunoglobin A , protease, an enzyme capable of split-ting the immunoglobulin A, thereby facilitating colonization and survival of these organisms on body surfaces [28] . Similar mechanisms may function in prolonging vaginal infections with H. S O~Y E U S but none have been investigated.
Shedding of H. S O W~~U S
in urine has been reported previously [6] and may represent an important source for transmission since it occurred before abortion and for long periods after abortion and remission of signs. Infrequent isolations from bladder in conjunction with abattoir specimens may be due to rare active colonization of urinary tract from a residual vaginal or major vestibular gland infection. As the act of urination rinses the vestibular region, this may represent the more frequent source of the organism in urine.
